Surfactant protein B is essential for normal pulmonary surfactant activity and lamellar body genesis in type 2 cells. However, the role of SP-B in lamellar body genesis is poorly 
Introduction
The lamellar body of the alveolar type 2 cell is a lysosome-derived organelle similar in many respects to other specialized membrane-bound organelles such as melanosomes, platelet dense granules, neutrophil azurophil granules and the lytic granules of natural killer and cytotoxic T cells (1) . These organelles possess a low lumenal pH and contain lysosomeassociated membrane proteins in their limiting membranes. The lamellar body is involved in the synthesis, organization, and secretion of pulmonary surfactant from the type 2 cell, just as the melanosome is necessary for the synthesis and storage of melanin for export from the melanocyte. However, the process of lamellar body genesis is poorly understood.
Ultrastructural studies suggest that the lamellar body is derived from the maturation and fusion of multivesicular bodies into composite bodies and finally lamellar bodies (2) . The only critical component of this process identified to date is the hydrophobic surfactant protein, SP-B. (6, 9) . We hypothesized that antisense RNA expression would facilitate the study of lamellar body genesis in a cell culture model of type 2 cell differentiation. Because of the well-characterized type 2 cell phenotype in SP-B deficiency, we sought to duplicate these findings using adenoviralmediated antisense SP-B expression during type 2 cell differentiation in vitro. We describe herein the effects of antisense SP-B mRNA on type 2 cell phenotype and surfactant protein synthesis, and demonstrate that this phenotype can be reliably reproduced without undue cellular toxicity. As such, we show that the combination of adenovirus-mediated antisense expression and our in vitro model of type 2 cell differentiation is a powerful tool for future studies of the key components of lamellar body genesis.
Materials and Methods
Reagents: Dexamethasone, isobutyl methylxanthine and 8-bromo-cAMP were obtained from Sigma Chemical (St. Louis, MO). Waymouth's media (GIBCO BRL) and human embryonic kidney 293 cells (HEK) were obtained from the Cell Center, University of Pennsylvania (Philadelphia, PA). All other reagents were electrophoretic grade and were purchased from Fisher Scientific (Fair Lawn, NJ), Pierce (Rockford, IL), Invitrogen (Carlsbad, CA) or Sigma Chemical.
Antibodies: Rabbit anti-human surfactant protein A (SP-A), a polyclonal antibody that recognizes human SP-A but not other surfactant proteins or serum proteins, and an epitopespecific proSP-C rabbit antiserum (NPROSP-C; Met 10 -Glu 23 of rat proSP-C) were the kind gifts of Dr. Michael Beers. Mature SP-C protein was detected using rabbit polyclonal antiserum to mature SP-C substituting Phe for Cys 3 and 4 of the mature sequence (Byk Gulden, Konstanz, Germany). Human SP-B antiserum was prepared using purified human SP-B 8 isolated from patients with pulmonary alveolar proteinosis as described previously (10) . Mouse monoclonal Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) antiserum (Chemicon, Temecula, CA) was used to assess loading of Western blots.
Construction of the Antisense plasmid:
The recombinant adenoviral vector H5010.CMV.asSPB (AdCMVasSPB) was prepared by directional cloning utilizing the Adeno-X Expression System (Clontech Laboratories, Palo Alto, CA) first developed by Mizuguchi and Kay (11, 12) . A SpeI/Bam HI segment containing the first 649 base pairs of the SP-B cDNA was cloned in antisense orientation into the pShuttle plasmid ( Figure 1) . Next, a fragment containing the CMV promoter, antisense SP-B cDNA and BGH poly A was excised by PI-Sce I/I-Ceu-I digestion. This segment was then ligated into the replication-incompetent Ad5 E1/E3-deletion adenovirus genome (contained within the pAdeno-X plasmid) via an in vitro ligation reaction, followed by Swa I digestion to remove wild type vector. Research, Children's Hospital of Philadelphia. Fetal lung parenchyma was dissected free of large airways, chopped into 1 mm 3 explants, and cultured in Waymouth media on a rocking platform as previously described (13) . After overnight explant culture, epithelial cells were isolated with trypsin, collagenase, and DNase digestion, followed by panning on plastic culture dishes to remove contaminating fibroblasts as described previously (14) . For examination by light microscopy, cells were embedded in epon, and thick sections were stained with toluidine blue by methods previously described (13) . Toluidine blue sections
were assessed by field counting of lamellar bodies and type 2 cells under oil immersion light microscopy at a total magnification of 600X. Lamellar bodies and numbers of cells exhibiting microvilli were counted in 4 fields per slide/treatment group.
For transmission electron microscopy, ultra thin sections were cut with a diamond knife, and contrasted with uranyl acetate and lead citrate, as previously described (16 Western Blot Analysis: Cell pellets were sonicated and total protein was quantified by the method of Bradford (17) . For SP-A, SP-B, ProSP-C, and GAPDH analysis, the cell pellets were solubilized in 20ml of gel sample buffer, separated using a 12% NuPAGE Bis-Tris gel with MES SDS Running Buffer and transferred to Duralose (Stratagene, Cedar Creek, TX), as per the manufacturer's protocol (Invitrogen, Carlsbad, CA). For SP-C analysis, SDS-PAGE was performed in 12.5% polyacrylamide gels using a Tris-Tricine buffer system as described previously (18) . Electrophoresed samples were transferred to Duralose at 20 mA/cm 2 for 13-16
hours for subsequent immunoblotting. Immunoblotting was performed using a horseradish peroxidase system (Bio-Rad Laboratories, Hercules, CA), and bands were visualized by enhanced chemiluminescence (ECL) using the SuperSignal West Pico ECL kit (Pierce, Rockford, IL) as previously described (19) . Primary antibody concentrations were as follows:
SP-A, SP-B, and b-actin at 1:5000, NProSP-C at 1:4000, and GAPDH at 1:10,000. Secondary antibody was used at a dilution of 1:10,000 for all primary antibodies used. Blots were stripped free of antibody by using the Reblot Western Blot Recycling Kit (Chemicon, Temecula, CA) for 20 min at 50°C and then reprobed with an additional primary antibody. 
Statistical Analysis:
Results are given as mean ± se unless otherwise specified. Data were compared for significance using Students' t-tests. AdCMVasSPB-EGFP at 5000-10,000 particles/cell exhibited significantly decreased numbers of lamellar bodies (5,000 particles/cell: 2.17 ± 0.12, 10,000 particles/cell: 2.19 ± 0.14, p<0.01, n=3) compared to control.
Results

Antisense
Morphologic differences were more obvious by electron microscopy. (Figure 2A) . We have previously observed in this culture model that although SP-B expression is robust by 72 hours, mature SP-C 3.7 expression is not reliably detected until 5 days in culture (14) . (14)). In contrast, there was a decrease in the expression of mature SP-C in cells exposed to the antisense vector (lower right panel). *-non-specific band 
